ABSTRACT
INTRODUCTION
Heave of the sea is one of the most important factors that influenced the ship's movement especially at the open sea but also at the shallow waters. We may see its influence on the behavior of small boats, research vessels and unmanned surface vessels doing bathymetric tasks, laser scanning of the cliffs or infrastructure of harbor facilities [7, 9, 11, 14, 17, 18] . The mathematical description of that phenomenon gives us the possibility to improve the quality of the data [22] dedicated to the spatial information systems and electronical navigational charts [16, 20] integrating information about shore infrastructure, shape of the sea bottom and waterways in the vicinity of the ports [12, 13, 15, 21] .
One may say that it is the fusion of different components like sea currents, wind, atmospheric pressure, salinity, water temperature and so on. It influenced such a complex phenomenon like dispersion of small objects on the high seas. If this kind of behavior has a deterministic component then we may use deterministic methods like time series analysis to investigate its influenced on process of small objects dispersion. If it is not true then the heave of the sea might be considered simply as a disturbance, which influenced dispersion as a stochastic component.
Measuring of the heave of the sea is very difficult there are no clear and simple recording methods of this phenomenon. By using semiconductor accelerometer we have attempt a trial of collecting some measurements describing different states of natural sea environment. As a result of our experiment we have obtained a collection of time series of acceleration in three dimensions. When looking at this time series immediately one critical question has emerged -are there any deterministic components? If the distribution of this accelerations is totally random then heave of the sea should has also stochastic component and all the attempts to investigate this phenomenon by using deterministic methods must fail due to the stochastic nature of this process. If otherwise, searching for deterministic signatures we can answer the question about the nature of the heave of the sea and then, this would substantiate using nonlinear time series analysis methods to investigate such important phenomenon. So far many attempts have been made to detect behavior characteristic for deterministic systems in the data coming from the real world. Finite number of points as well as finite resolution of those kind of data makes this investigation difficult to obtain satisfactory results. In this particular case we would like to use the method of surrogate data [5, 6, 19] , which provides statistical test for the null hypothesis that the data has been generated by a linear stochastic process. If this null hypothesis cannot be rejected, then results of using nonlinear methods of analysis are not correct. This kind of test is based on comparing the value of nonlinear measure for the original data and a number of surrogates.
In this paper we will present results of applying such a test to seek for signatures of determinism in the samples of accelerations measured at high seas by the accelerometer mounted on small drifter.
EXPERIMENT DESCRIPTION
The null hypothesis, which is suitable for our investigation, states that the interesting us data was generated by a stationary Gaussian linear stochastic process. Computing nonlinear observable on the data allows distinguishing deviations from the null hypothesis, our main purpose is to show that the original data , differs significantly from the surrogates which are realizations of the null hypothesis. Our original data consists of samples of accelerations recorded in 3-dimensions while the drifter was moving on the sea surface. We have used system of drifters equipped with GPS and radio link with the main station on board the research vessel. This technique has been used for the first time for tracking the position of drifters in order to find the distribution of the sea currents. The laboratory equipment consist of 5 drifters with mass about 80 kg each one. We may assume that the dimensions of the drifters are small comparable to the open sea. During our previous experiments we have come to the conclusion that the distribution of the sea currents in the Baltic Sea is extremely difficult to describe. w. The heave of the sea is one of the most important factors when considering dynamics of the sea environment. By recording the accelerations we tried to described the specific state of the interested us environment. When talking about the analysis, first we have to answer the question about the nature of collected data. Is it deterministic or not? If yes, then we may use all the methods coming from the time series analysis in particular some methods form deterministic chaos. In our search for nonlinearity in those data we used method of surrogate date.
The surrogate data is a set of data which mimic the original one, however consistent with the null hypothesis. For a given conjecture we generated surrogates of the specific type, in our case they should be realization of the Gaussian linear stochastic process.
As an example of the data, Fig. 1, 2, 3 presents the accelerations recordings, this particular segment comes from the first sea trial. The Fig. 4 presents an example of surrogate data created to mimic accelerations in X direction. Fig. 4 . Surrogates of the data presented on the Fig. 1 When creating tests for nonlinearity we should take into account two parameters. The first one, is its size α, which is the probability that the null hypothesis is rejected although it is in fact true. And the second, called level of significance 1 − p (usually the value of p is specify a priori, and then test is design with accordance to its value).
TESTING FOR NONLINEARITY WITH SURROGATE DATA
The null hypothesis which is suitable for our investigation states that the data was generated by a stationary Gaussian linear stochastic process. Computing nonlinear observable on the data allows distinguishing deviations from the null hypothesis, our main purpose is to show that the original data , differs significantly from the surrogates which are realizations of the null hypothesis. Our original data ( Fig.  1, 2, 3 ) consists of samples of accelerations measured on the high seas. Recordings were done on the standard PC computer equipped with the RS-232 card and downloaded into the hard disk as a .txt files. We have collected recordings from 4 sea trails. Each one of them consists of about 300.000 samples. Due to the length of the recording, we split it, and for further considerations we have used only segments of length 10000 points. We decided to choose this length, due to stationarity requirement.
MEASURES OF NONLINEARITY
There exists several examples of different statistical methods (see for instance Ref. [1, 2, 6] ) which have been developed in order to reveal the nature of the considered time series.
We decided to apply two types of nonlinear statistics 1. As a first one, nonlinear prediction error with respect to a locally constant predictor F defined by
The prediction is performed over one time step and it is done by averaging over the future values of all neighboring delay vectors closer than in m dimensions.
2. The second quantity it is cross-prediction errors, which can be expressed by the following formula where: -number of delay vectors, and F zero-th order model as it is proposed in the Ref . 7] .
Calculating those nonlinear observable require using time delay embedding according to the following scheme, where embedding vectors in m dimensions are created by:
, -τ is the delay time.
RESULTS
We generated the surrogate data according to the null hypothesis which states that a Gaussian linear stochastic process has generated the data. This is the simplest description of a purely stochastic process, therefore we decided to applied this hypothesis. The method is based on the phase randomized surrogate series which has the same power spectrum as the time series . The temporal correlations in the original data are not preserved in the surrogates. The surrogate is obtained by determine the Fourier transform of the original data X , randomizing the phases, and inverting the transform. The probability distributions of the nonlinear statistic remains unknown to us, therefore we applied a non-parametric, rankbased test. If the data deviates from the surrogates in a specific direction then we can reject the null hypothesis (one-side test).
According to the size of the test α, we create surrogate sets and then compute the test statistic t 0 on the original data and on each of the surrogates For the prediction error, we expect nonlinearity in the data to appear in the lower values. Thus in this case we perform one-sided tests. All tests were carried out at the 95% level of significance, it means that for one-sided test we have created 19 surrogates. Our data is a typical example of field measurement, it is strongly contaminated by the noise. In this particular case the nature of noise can have dual substance, the first source is a measurement noise, and the second one as we have already said is the influence of for example wind.
Assuming that the second type of noise and the samples of accelerations can be well described by the Gaussian linear stochastic process [3] we can expect that those features should be reflected in the results of the test. Simply in the presence of the stochastic components in our data test for nonlinearity should fail. Conducted tests reveal that for one-sided test we achieved the 95% level of significance each time, results of one of the tests are presented on the Fig. 5 .
Fig. 5. Prediction error for the series of accelerations in X direction.
In order to precise our results we decided to apply method based on the clustering algorithm. The main idea of using this algorithm in the test for nonlinearity is to classify the total set of surrogates and original data, say K into two groups, from which one has only 1 element. As a dissimilarity measure cross-prediction errors were used. For conducting the test we used 9 surrogates and the original data, thus the probability that if the algorithm turned out the original data is 1 ∕ K = 0.1, if it is true then we can reject the null hypothesis with the (1−(1 ∕ K ))×1 0 0 = 90% of significance. For each combination of surrogates and original data from the set of 30 segments we obtained the rejection of the null hypothesis with the 90% level of confidence. An example of the answer given by the clustering algorithm is presented on the Fig. 6 .
Figure 6. Results of clustering algorithm
As we have seen there are two clusters and one of them singled out the one element, which contain the original data.
CONCLUSION
We applied two nonlinear statistics in order to reveal the possible nature of considered signals. Taking into account results of conducted tests we can conclude that the null hypothesis can be rejected because original data cannot be well described by the Gaussian linear stochastic process. It means that our assumption about the nature of samples of accelerations influenced the move of experimental drifter is false, thus its distribution can be predicted due to deterministic nature of that process.
The null hypothesis, which has been chosen, in fact is the simplest one, however in our opinion it presents the main drawback in the field of investigation such a complicated phenomenon like dynamics of the sea environment. The possibility to reject the hypothesis of stochastic nature of that signals opens the way to extract the most important features of the considered object by means, for example nonlinear time series analysis. This will allow us to characterize sea surface dynamics by the set of suitable parameters.
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